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ON SOME POINTS IN THE ANALYSIS OF MILK, 
EY H. DROOP RICHMOND 
(Second Chemist in the Khedivial Laboratory, Cairo), 
Bead at Meeting, Jwne, 1890. 
THE importance of the determination of the density of milk cannot be too strictly 
insisted on, as i t  affords a most valuable means of checking the results obtained in an 
analysis, being, in my opinion at  least, as valuable as a duplicate determination of the 
constituents ; but there are one or two precautions to be taken in this determination othw 
than those generally applicable to density determinations ; as Vieth has recently pointed 
out (ANALYST, XZV., p. 69), the density of milk is not constant until about twenty-two to 
twenty-four hours after milking, a gradual augmentation faking place. It is the final 
density which should be taken as the normal density of the sample, as it is the one that 
has been assumed in the calculation of milk formulae. Milk is a substance which, when 
shaken, holds air-bubbles very tenaciously, and sufEcient time must always be given 
after mixing the eample to allow of the elimination of the bubbles; attention to these 
two points is necessary. 
Some time ago I published (ANALYST, XIV., 126) a formula for calculating the fat 
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from the total solids and the density (a printer’s error in the text gave T= 1.17 F- 
0263 - , the real formula being T = 1.17 F + *263 - ). This formula gave practically 
the same results as that published previously by Hehner and myself (ANALYST, XIII., 26), 
which formed the basis of the ( 6  milk scale ” (ANALYST, XIII., 65). The accuracy cf these 
formulz for cow’t3 milk has been corroborated by some hundreds of analyses in various 
laboratories in different countries. 
I have now extended these formulae to include the czlculation of milk-sugar and 
proteids, the density, fat, total solids and ash being known. 
This formula is 
G G 
Y D 
G 
D P == 2.a T + 2.5 A - 3.33 F - -7 
(P = proteids ; T = total solids; A = ash ; F = fat ; D = density; water a t  60’ F. 
being taken as 1 ; and G = 1000 D - 1000). 
The difference between the total solids and the fat, proteids, and ash gives the milk- 
sugar ; in this formula it has been assumed that every thing that is not fat, proteids, or  
ash is milk-sugar, an assumption which is not strictly correct, but which introduces a small 
error. Another error is probably introduced by the fact that the ash in milk is not the 
same as the salts existing in milk, but of this 1 Ehall speak later ; the error8 between the 
proteids and milk-sugar found and calculated vary between + 04 and - 04. 
From the formula it is easy to calciilate the influenca of one gram. of each of the 
constituents in 100 C.C. on the density and from that the density in solution. 
The figures are 
Influence of 1 gram. in 100 C.C. Density. 
Fat .. .. .. -76 . . .. -929 
Sugar. . .. .. 4.00 . . . . 1.667 
Proteids . . .. 2.57 . . . . 1.346 
Ash . . .. .. 7.57 . . . , 4.12 
The figures for the density show a remarkable agreement with those directly 
determined thus. ProF. Fleischmann has found (J. f .  Lccdw., xxxiii, 351) that the 
average density of butter-fat is -93 ; for milk-sugar many observers agree in giving 1-65 ; 
for casein Hehner (ANALYST, VIII., 253) gives 1.31, a number obtained from casein 
admittedly not in a state of absolute purity, while from the figures of DuprB (ANALYST, 
YIII., 248) I calculate that the density of casein and albumin is 1.34; for the ash I 
calculate from DuprB’s figures (Zoc. cit .)  a density of 3.0. 
The figures are then thus :- 
Density in solution. 
Found. Calculated. 
Fat .. .. .. -93 -929 
Milk-sugar . . . . 1.65 1.667 
Proteids , . 
Ash .. .. . . 3.0 4.1 2 
1.31 (Hchner)} 
* 1.34 (Duprh) 
The agreement between the two series of figures is sufficiently exact except in the 
case of the ash. To this I do not attach much importance for two reasons. It is the 
figure on which I place least reliance, as a small variation in the factor produces a large 
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variation in the density calculated therefrom, being more than ten times as large as in 
the other constituents. Then, as Siildner has pointed out (Lqzdw. Versuch. Stat. 35, 
3511, the ash of milk does not accurately represent the salts already existing therein, 
the citrates and other organic salts being decomposed into carbonates, which are neu- 
tralised by phosphoric acid produced by the combustion of the phosphorus of the casein. 
Neglecting the case of the ash, then, I think there is sufficient proof in the above figures 
that the density of milk is a simple function OF tlhat of its constituents. 
The agreement between the two sets of figures also tends to show the accuracy of 
the methods of analysis. This is especially important in the case of the fat, as doubt has 
been cast on the method employed (the Adams method as modified by myself) ; but when 
we have a formula calculated actually from the results of analysis with almost identical 
factors to those determined directly, I maintain that i t  is very strong evidence that the 
methods employed in the analysis have been correct ones ; and the formula is not one 
for a particular process, but becomes an absolute one. 
(Conclusion of the 8ociety’s Proceedings ) 
* This paper was intended for the country-meeting, which was abandoned. -P. V 
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